T he discovery of the highly evolutionarily conserved bacterial protein FtsZ several decades ago marked the beginning of our understanding of how a bacterial cell divides. FtsZ, an evolutionary precursor of the protein tubulin in multicellular organisms, self-polymerizes to form a structure called the FtsZ ring at the site where cell fission occurs. This process is thought to mark the earliest step in cell division. But how is the FtsZ ring correctly positioned to ensure equal partitioning of the parental cell's DNA into the two daughter cells? Although various models for how this occurs have been proposed, the mechanisms are far from fully resolved. In a paper published in this issue (page 259), Fleurie et al. 1 reveal that, in the human pathogen Streptococcus pneumoniae, the FtsZ ring is positioned by the protein MapZ, which acts as a beacon to identify the site of division.
Bacterial cells divide by forming a wall-like structure called a septum, which is composed of cell wall and cell membrane; this then splits down the middle to produce two new cells. During division, the FtsZ ring recruits at least 20 other proteins to the division site, leading to subsequent FtsZ-ring constriction and division 2, 3 . Until recently, cell division had been intensively studied in only a few usually nonpatho genic bacterial species, such as Escherichia coli and Bacillus subtilis. Research on these rod-shaped bacteria led to a model in which division-site placement in bacteria is regulated by a combination of two mechanisms, known as the Min and nucleoid-occlusion systems. These systems allow division to occur only at the cell centre (mid-cell) by preventing FtsZring formation at all other positions 4 . However, several pathogenic and nonpatho genic bacteria do not have Min or nucleoid-occlusion systems (some have one but not the other). Furthermore, even in bacteria that have both systems, FtsZ rings can form at mid-cell with the same precision when these systems are rendered inactive 5, 6 . Research published in the past few years on FtsZ-ring positioning in other bacteria has uncovered negative and positive signalling systems that act on FtsZ-ring assembly 7 . Fleurie and colleagues' identification of MapZ (mid-cell-anchored protein Z) as being involved in the positioning of the division site in S. pneumoniae means that it is the first protein shown to have such a function in this fuel cells in which the two cell electrodes are directly deposited on opposite sides of hBN. By contrast, the conductive properties of graphene might allow the flow of protons through it to be modulated by a gating voltage, or enable graphene to act as both a selective membrane and an electrode. Indeed, Hu et al. showed that a pure stream of hydrogen can be produced by applying a voltage to graphene that has protons on one side and a vacuum on the other. If a conventional electrode had been used, the hydrogen would have been contaminated with water vapour and dissolved gases.
The authors' results pose fundamental questions regarding transport across atomically thin two-dimensional materials. The exact mechanism of proton transport across graphene and hBN is yet to be unravelled. Further work is needed to predict proton conduction quantitatively and to understand the effects of platinum, the chemical environment and gate voltage in modulating proton transport.
Other areas of research now ripe for exploration include the interplay between con duction of protons and electrons; the behaviour of graphene as a combined membrane and electrode separating two different solutions on either side (a fundamentally new membraneelectrode combination); the transport of lowenergy subatomic particles, isotopes or ions 8 across two-dimensional materials; the effects of modifying conventional electrodes by coating their surfaces with two-dimensional mater ials; and reactions involving proton transfer across two-dimensional materials between compounds less than one nano metre apart. Such research promises fresh insight into the nature of transport across twodimensional materials, and opens up fascinating opportunities for tailoring these materials and their van der Waals heterostructures 9 -in which isolated atomic layers are assembled layer by layer in a given sequence -to obtain interesting functionalities. ■ 
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A beacon for bacterial tubulin
The protein FtsZ forms a ring structure that constricts to allow bacterial cells to divide. A second protein, MapZ, has now been found to guide FtsZ to the correct mid-cell position in the bacterium Streptococcus pneumoniae. See Letter p.259 oval-shaped bacterium, which has neither Min nor nucleoid-occlusion systems.
The authors demonstrate that deletion of the mapZ gene leads to misplacement of the FtsZ ring and the division septum, which are normally positioned at mid-cell. Using timelapse and three-dimensional structured illumination microscopy, they show that MapZ precedes the FtsZ ring in localizing to midcell, and that MapZ also forms a ring structure (Fig. 1) . Particularly intriguing is their finding that, once both the MapZ ring and FtsZ ring locate to mid-cell, the MapZ ring splits into two and moves to the two future division sites, whereas the FtsZ ring stays at mid-cell. A third MapZ ring then forms at mid-cell. The FtsZ ring subsequently splits and two rings migrate to co-localize with the two outer MapZ rings. The mid-cell MapZ/FtsZ rings then close to complete cell division.
How do the MapZ rings migrate to the future division sites? The occurrence of MapZ is restricted to the Streptococcaceae family and most other families of the order Lactobacillales. Fleurie and colleagues show that the MapZring migration relates to the distinct mode of cell elongation in these oval-shaped cells. To increase cell size, cell-wall synthesis in streptococci begins at the mid-cell division site and moves in both directions towards the future division sites 8 . This is in contrast to elongation in rod-shaped cells, which involves cell-wall synthesis along all of the long axis of the cell. By studying fluorescently labelled cell-wall substrates and MapZ in live S. pneumoniae cells, the authors show that MapZ-ring migration is coupled to cell-wall synthesis. This result was further supported by their finding that MapZ binds to the cell-wall mater ial peptidoglycan, and that inhibition of cell-wall synthesis using the antibiotic vancomycin delocalizes MapZ.
What remained to be shown was direct evidence that MapZ functions to guide FtsZ to the division site. The authors provide this by demonstrating a direct inter action between FtsZ and MapZ, which seems to depend on the 41 amino-acid residues at the amino terminus of MapZ. Further, they showed that deletion of this region still allowed MapZ septal localization but caused FtsZ to be delocalized. These studies were complicated by the fact that mapZ-deficient cells are often misshapen, but the authors' inspection of FtsZ-ring positioning in normal-shaped mapZ-deficient cells supported these results.
MapZ was first identified as Spr0334, a protein with no assigned function but that was known to be phosphorylated by S. pneumoniae StkP, a kinase protein involved in septum assembly, maintaining cell shape and localization of cell-wall synthesis 9 . Fleurie et al. show that phosphorylation of MapZ occurs at two threonine amino-acid residues at positions 67 and 78, not in the region of MapZ that directly interacts with FtsZ. They also show that nonphosphorylated MapZ still interacts with FtsZ, and that the lack of phosphorylation does not affect Z-ring positioning. It seems, therefore, that the phosphorylation state of MapZ is important for another regulatory role for the protein, possibly in the splitting, stability and constriction of the FtsZ ring.
Putting this information together, the authors predict that MapZ has a single transmembrane anchor region that links a cytoplasmic amino-terminal domain to an extracellular carboxy-terminal domain. The extracellular domain binds peptidoglycan, thereby localizing MapZ to the division site, and the cytoplasmic domain acts as the beacon for FtsZ. As cell-wall synthesis occurs, MapZ remains attached, to arrive at the new cell equators of the forming daughter cells. The authors also propose that the phosphorylation of MapZ by StkP (and its dephosphorylation by the enzyme PhpP) regulates FtsZ-ring constriction by direct interaction with other division proteins at mid-cell, not with FtsZ. Although details of these processes remain to be determined, the findings already show that division-site positioning in bacteria is surprisingly diverse -perhaps a consequence of the diversity of lifestyle, cell shape and mode of cell-wall synthesis in these organisms.
Fleurie et al. also found that FtsZ forms aberrant, non-ring structures in mapZ-deleted cells. The authors suggest that the abnormal cell-wall synthesis and morphology of these mutant cells is a consequence of these abnormal FtsZring structures. But perhaps it is the other way around, and this idea would be worth testing, particularly in light of accumulating support for peptidoglycan structures ('piecrusts') that are proposed to mark the future FtsZ-ring assembly site in some bacteria 10 . Exploring this idea may answer the question of how MapZ itself is localized to the division site, and thus just what is the first step in bacterial cell division. ■
